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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cerium- 
zirconium compound oxide having improved durability at 
high temperature and stable OSC (oxygen storage 
capacity) performance. E 
SOLUTION: The cerium-zirconium compound metallic 
oxide has at least 85% of the total mole number. of Ce 
and Zr with respect to the whole metal mole number in 
the compound metallic oxide, 1/9 to 9/1 molar ratio of 
Ce/Zr and over 3.5 isoelectric point of the compound 
metallic oxide. Preferably the compound metallic oxide 
has 3/7 to 7/3 molar ratio of Ce/Zr and 3.8 to 5.0 
isoelectric point and contains rare earth metals 
(excluding Ce) by <15 mol% with respect to the total 
metal mole number in the material. The cerium- 
zirconium compound metallic oxide contains Ce02 as 
nuclei and Zr02 present around the nuclei. 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Are a cerium zirconium composite metal oxide and on the basis of the total 
number of metal mols in said composite metal oxide, A cerium zirconium composite metal 
oxide which the number of sum total mols of Ce and Zr is at least 85%, and mole ratios of 
Ce/Zr are 1 / 9 - 9/1, and is characterized by an isoelectric point of said composite metal 
oxide exceeding 3.5. 

[Claim 2]The cerium zirconium composite metal oxide according to claim 1 in which mole 
ratios of said Ce/Zr are 3 / 7 - 7/3, and said isoelectric points are 3.8-5.0. 
[Claim 3]The cerium zirconium composite metal oxide according to claim 1 or 2 which 
contains a rare earth metal (except for Ce) less than [ 15 mol % ] on the basis of the total 
number of metal mols in said composite metal material. 

[Claim 4]Are a cerium zirconium composite metal oxide and on the basis of the total 
number of metal mols in said composite metal oxide, A cerium zirconium composite metal 
oxide, wherein the number of sum total mols of Ce and Zr is at least 85%, it uses Ce0 2 as 

a core and Zr0 2 exists in the surroundings of the core. 

[Claim 5]The cerium zirconium composite metal oxide according to claim 4 in which a core 
of said Ce0 2 has a diameter which is 5-20 nm. 

[Claim 6]A catalyst for exhaust gas purification, wherein the precious metals are supported 
by cerium zirconium composite metal oxide given in any 1 paragraph of claims 1-5. 
[Claim 7]ceria — sol and a zirconium compound solution, or zirconia — a synthesizing 
method of the cerium zirconium composite metal oxide according to claim 1 or 4 
characterized by drying and calcinating after mixing sol and preparing suspension. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]About a cerium zirconium composite metal oxide, this invention is 
divided and relates to a cerium zirconium composite metal oxide suitable for being used for 
the catalyst for exhaust gas purification of an internal-combustion engine as a co-catalyst. 
[0002] 

[Description of the Prior Art]Although nitrogen oxides (NO x ), carbon monoxide (CO), 

hydrocarbon (HC), etc. are contained in the exhaust gas discharged from internal- 
combustion engines, such as car motor, While these toxic substances oxidize CO and HC, 
the three way component catalyst etc. which return NO x to 0 2 can purify them. Generally 

this three way component catalyst supports the catalyst component of the precious metals, 
such as platinum (Pt), palladium (Pd), and rhodium (Rh), to the carrier of oxides, such as 
gamma-alumina, and is constituted. 

[0003]ln order for oxidation of CO and HC and reduction of NO x to advance efficiently in 

such a three way component catalyst, it is required to control the air-fuel ratio of an internal- 
combustion engine appropriately, and to be in the narrow range with specific exhaust gas 
composition. However, it may happen to change exhaust gas composition to some extent, 
and to separate from the specific narrow range by the time lag of a control system, etc., 
actually. 

[0004]Here, the cerium zirconium multiple oxide can produce valence change of trivalent 
and tetravalence. [ atom / which is contained / Ce ] And by the oxidizing atmosphere 
included comparatively mostly, 0 2 . Ce atom can produce valence change from trivalent in 

tetravalence, oxygen can be absorbed, and the oxygen occlusion ability (OSC) that Ce 
atom produces valence change from tetravalence in trivalent, and emits oxygen can be 
demonstrated in the reducing atmosphere containing comparatively many COs and HC. 
Therefore, if a cerium zirconium multiple oxide is included in the catalyst for exhaust gas 
purification, change of exhaust gas composition [ / near the catalyst component ] is eased, 
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and the above-mentioned exhaust gas purification can be advanced more efficiently. 
[0005]ln addition, since remarkable generation of heat arises in connection with the oxygen 
uptake of a cerium zirconium multiple oxide, this generation of heat can be used for 
warming up of the catalyst at the time of engine start, and the start period of catalytic 
activity can be brought forward. For this reason, the cerium zirconium multiple oxide is used 
as a co-catalyst of the catalyst for exhaust gas purification. There are JP, 10-1 94742, A, 
JP,6-279027,A, etc. as advanced technology of this cerium zirconium multiple oxide. 
[0006] 

[Problem(s) to be Solved by the lnvention]However, generally, when such a cerium 
zirconium multiple oxide is put to not less than about 1000 ** elevated temperature for a 
long period of time, it causes the fall of OSC ability and has the problem that endurance is 
not enough. Therefore, the endurance under an elevated temperature is improved and an 
object of this invention is to provide the cerium zirconium multiple oxide which has the 
stable OSC ability. 
[0007] 

[Means for Solving the Problem]The above-mentioned purpose is a cerium zirconium 
composite metal oxide, and on the basis of the total number of metal mols in said 
composite metal material, It is attained by cerium zirconium composite metal oxide which 
the number of sum total mols of Ce and Zr is at least 85%, and mole ratios of Ce/Zr are 1 / 
9-9/1, and is characterized by an isoelectric point of said composite metal oxide exceeding 
3.5. 

[0008]That is, this invention is a cerium zirconium composite metal oxide which has a 
specific presentation, and is a cerium zirconium composite metal oxide having an 
isoelectric point which divides and exceeds 3.5. 

[0009]This "isoelectric point" is weighted solidity measured based on electrophoresis of 
particles in a slurry, in a method of specifying by this invention, an isoelectric point of Ce0 2 

is 2.4 and an isoelectric point of Zr0 2 is 4.0. That is, while a cerium zirconium composite 

metal oxide of this invention includes both sides of Ce0 2 and Zr0 2 , it has an isoelectric 

point near Zr0 2 . 

[0010]As this isoelectric point, a cerium zirconium composite metal oxide of this invention 
has a value whose presentation of Ce0 2 and Zr0 2 is notably higher than a cerium 

zirconium composite metal oxide of equivalent conventional technology. Durable 
performance of a catalyst for exhaust gas purification which supports Pt to this cerium 
zirconium composite metal oxide is improved more notably than that of conventional 
technology. 

[0011]From these things, a cerium zirconium composite metal oxide of this invention, In the 
outside, particles which constitute it mainly present [ Zr0 2 and the inside ] a state like 

drawing 1 which mainly consists of Ce0 2 , and it is thought that especially such a state is 
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stabilized when a little elements chosen as Zr0 2 from a rare earth metal live together. 

Namely, this invention is a cerium zirconium composite metal oxide in another aspect of 
affairs, It is a cerium zirconium composite metal oxide, wherein the number of sum total 
mols of Ce and Zr is at least 85%, it uses Ce0 2 as a core and Zr0 2 exists in the 

surroundings of the core on the basis of the total number of metal mols in said composite 
metal oxide. 

[0012]When Zr0 2 and Ce0 2 present such an existence gestalt, Heat-resistant high Zr0 2 

holds a gestalt of particles of a cerium zirconium composite metal oxide, and it by it. Inside 
CeO and/or CeO -ZrC» of a border area of the inside and the outside are presumed to 

stabilize temporally and to be able to demonstrate OSC ability. Drawing 1 is an explanatory 

view strictly like a model, and does not limit this invention. 

[0013] 

[Embodiment of the lnvention]This invention is a cerium zirconium composite metal oxide, 
and on the basis of the total number of metal mols in said composite metal oxide, It is 
characterized by the isoelectric point of said composite metal oxide exceeding 3.5, and 
more preferably, the number of sum total mols of Ce and Zr is at least 85%, and the mole 
ratios of Ce/Zr are 1 / 9 - 9/1 , and said isoelectric points are [ the mole ratios of said Ce/Zr 
are 3 / 7 - 7/3, and ] 3.8-5.0. In this invention, an "isoelectric point" is defined as the value 
measured by JIS R1638 with the stopwatch method which is one of the electrophoresis 
microscopic methods of a statement. 

[0014]A "cerium zirconium composite metal oxide" is an oxide which can contain Ce and Zr 
at least and can contain another "metal." Can choose this another "metal" from s-block 
metal, d-block metal, p-block metal, and f-block metal broadly, and specifically, Sodium 
(Na), potassium (K), magnesium (Mg), calcium (Ca), Barium (Ba), strontium (Sr), a lantern 
(La), yttrium (Y), Cerium (Ce), PURASEOJIUMU (Pr), neodymium (Nd), samarium (Sm), A 
europium (Eu), gadolinium (Gd), titanium (Ti), tin (Sn), A zirconium (Zr), manganese (Mn), 
iron (Fe), cobalt (Co), They can be nickel (nickel), chromium (Cr), niobium (Nb), copper 
(Cu), and vanadium (V), molybdenum (Mo), tungsten (W), zinc (Zn), aluminum (aluminum), 
silicon (Si), tantalum (Ta), etc. 

[0015]Preferably, the another above-mentioned "metal" is at least one sort of rare earth 
metals, such as La, Y, Ce, Pr, Nd, Sm, Eu, and Gd, and is contained in the quantity below 
15 mol % on the basis of the total number of metal mols in a cerium zirconium composite 
metal oxide. When "metal" is these rare earth metals, it is thought that especially nuclear 
surrounding Zr0 2 is stabilized. 

[0016]This cerium zirconium composite metal oxide, desirable - as the source of cerium - 
ceria - being manufactured using sol - ceria - sol. and a zirconium compound solution or 
zirconia - after mixing the metal compound solution or sol of sol and desirable another 
"metal" at a predetermined rate and preparing suspension, it can obtain by drying and 
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calcinating. 

[0017]here - "ceria - sol - " - "zirconia - sol - " - etc. - with "sol." Are colloid of the oxide 
of a fluid especially distributed in water, or a hydrate, mean the substance which calcinates 
and generates metallic oxides, such as Seria and zirconia, and specifically, The substance 
produced by hydrolyzing alkoxides, such as cerium or a zirconium, acetylacetonate, 
acetate, a nitrate, etc. in a solution is illustrated. Solution, such as oxyzirconium nitrate ZrO 
(NOJ o and2H_0, and zirconium chloride ZrCI is illustrated by the "zirconium compound 

solution." 

[0018]The conditions heated in 600-900 ** atmospheric air for several hours, for example 
are suitable for calcination. Thus, after presenting a grinding process with the obtained 
cerium zirconium composite metal oxide as occasion demands, the precious metals, such 
as platinum, palladium, and rhodium, can be supported and the catalyst for exhaust gas 
purification can be prepared. This catalyst for exhaust gas purification can demonstrate the 
stable high exhaust gas cleaning capacity, without OSC ability deteriorating intentionally, 
even if put to the temperature of about 1000 **. Hereafter, an example explains this 
invention more concretely. 
[0019] 

[Example]the ceria of a 1 193.33 g example - sol (as Ce0 2 15 mass %.) The solution in 

which 100 g of ion exchange water was made to dissolve a 41.16-g oxyzirconium nitrate 
and 6.48 g of nitric acid yttrium was added and stirred to the Taki Chemical make and knee 
DORARU U-15, and uniform suspension was created. 

After presenting heating of 120 **x 24 hours with this suspension and evaporating water, 
calcination of 700 **x 5 hours was presented, and the cerium zirconium composite metal 
oxide of following this invention of presentation (mass ratio): Ce0 2 /Zr0 2 /Y 2 0 3 =58/38/4 was 

obtained. 

[0020]Subsequently, 300 g of ion exchange water was made to distribute 50 g of this 
multiple oxide, the slurry was created, 1 1 .36g of solution (Pt concentration 4.4 mass %) of 
the dinitrodiammine platinum complex was added to this slurry, and it stirred for 2 hours. 
Subsequently, after presenting heating of 120 **x 24 hours with this slurry and evaporating 
water, calcination of 500 **x 2 hours was presented, and the catalyst for exhaust gas 
purification of this invention which supported Pt of 1 mass % to the cerium zirconium 
content multiple oxide of this invention was acquired. 

[0021]the ceria of the above of a 2193.33 g example - with the solution which made 50 g of 
ion exchange water dissolve 6.48 g of nitric acid yttrium in sol. zirconia - 95g added, sol 
(20 mass %, the product made from the first rare element chemical industry, zirconia HA as 
Zr0 2 ) was stirred, and uniform suspension was created. 

[0022]Subsequently, like Example 1, after evaporating water from this suspension, 
calcination of 700 **x 5 hours was presented, and the cerium zirconium composite metal 
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oxide of following this invention of presentation (mass ratio) :Ce0 2 /Zr0 2 /Y 2 0 3 =58/38/4 was 

obtained. Subsequently, like Example 1, Pt of 1 mass % was supported to this multiple 
oxide using the dinitrodiammine platinum complex, and the catalyst for exhaust gas 
purification of this invention was acquired. 

[0023]the ceria of the above of a 3193.33 g example - with the solution which made 50 g of 
ion exchange water dissolve 6.48 g of nitric acid yttrium in sol. zirconia — 154.5g added, sol 
(12.5 mass %, the first rare element chemical industry, zirconia AC7 as Zr0 2 ) was stirred, 

and uniform suspension was created. 

[0024]Subsequently, like Example 1, after evaporating water from this suspension, 
calcination of 700 **x 5 hours was presented, and the cerium zirconium composite metal 
oxide of following this invention of presentation (mass ratio):Ce0 2 /Zr0 2 /Y 2 0 3 =58/38/4 was 

obtained. Subsequently, like Example 1, Pt of 1 mass % was supported to this multiple 
oxide using the dinitrodiammine platinum complex, and the catalyst for exhaust gas 
purification of this invention was acquired. 

[0025]the ceria of the above of a 4193.33 g example - to sol, the oxyzirconium nitrate of 
34.66 g, the 3.99-g lanthanum nitrate, and the solution in which 8.94-g nitric acid 
PURASEOJIUMU was dissolved were added and stirred to 300 g of ion exchange water, 
and uniform suspension was created. 

[0026]Subsequently, like Example 1, after evaporating water from suspension, calcination 
of 700 **x 5 hours is presented, The following presentation (mass ratio): The cerium 
zirconium composite metal oxide of this invention of 060^^2/1320^^0^=58/32/3/7 

was obtained. Subsequently, like Example 1 , Pt of 1 mass % was supported to this multiple 
oxide using the dinitrodiammine platinum complex, and the catalyst for exhaust gas 
purification of this invention was acquired. 

[0027]The solution in which the ion exchange water of 1500 g of comparative examples 
was made to dissolve a 73.165 g cerium nitrate, a 41.16-g oxyzirconium nitrate, and 6.48 g 
of nitric acid yttrium was created. Subsequently, the ammonia solution with a concentration 
of 1 mol/l. was dropped at this solution, pH was adjusted to about 9, and the sediment was 
produced according to coprecipitation. 

[0028]Subsequently, after evaporating water like Example 1 from the solution containing 
this sediment, Calcination of 700 **x 5 hours was presented, and the cerium zirconium 
composite metal oxide of the following comparative example of presentation (mass 
ratio):Ce0 0 /Zr0 0 /Y O =58/38/4 was obtained. Subsequently, like Example 1, Pt of 1 mass 

% was supported to this multiple oxide using the dinitrodiammine platinum complex, and 
the catalyst for exhaust gas purification of the comparative example was acquired. 
[0029]The solution in which the ion exchange water of 2500 g of comparative examples 
was made to dissolve a 73.17 g cerium nitrate, a 34.66 g oxyzirconium nitrate, a 3.99 g 
lanthanum nitrate, and 8.94-g nitric acid PURASEOJIUMU was prepared. Subsequently, a 
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sediment is produced from this solution according to coprecipitation like the comparative 
example 1, After evaporating water, calcination of 700 **x 5 hours was presented, and the 
cerium zirconium composite metal oxide of the following comparative example of 
presentation (mass ratio) iCeO^ZrO^La^/PrgC^ ^58/32/3/7 was obtained. 

Subsequently, like Example 1 , Pt of 1 mass % was supported to this multiple oxide using 
the dinitrodiammine platinum complex, and the catalyst for exhaust gas purification of the 
comparative example was acquired. 

[0030]The ion exchange water of 3500 g of comparative examples was made to distribute 
29 g of cerium oxide powder, it ranked second, the solution made to dissolve a 41.16-g 
oxyzirconium nitrate and 6.48 g of nitric acid yttrium in 200 g of ion exchange water was 
added and stirred, and the slurry was prepared. Subsequently, the ammonia solution was 
dropped at this slurry like the comparative example 1, pH was adjusted to about 9, and the 
sediment containing a zirconium and yttrium was produced. 

[0031]Subsequently, after evaporating water, calcination of 700 **x 5 hours was presented, 
and the cerium zirconium composite metal oxide of the following comparative example of 
presentation (mass ratio) :Ce0 2 /Zr0 2 /Y 2 0 3 =58/38/4 was obtained. Subsequently, like the 

comparative example 1, Pt of 1 mass % was supported to this multiple oxide using the 
dinitrodiammine platinum complex, and the catalyst for exhaust gas purification of the 
comparative example was acquired. 

[0032]- About each cerium zirconium composite metal oxide of the measurement-examples 
1-4 and the comparative examples 1-3 of an isoelectric point, the isoelectric point was 
measured according to the stopwatch method which is one of the electric ****** fine mirror 
methods of a statement to JIS R1638. This result is summarized in Table 1 and shown. The 
relation of pH and F-potential which were measured in order to ask drawing 2 for an 
isoelectric point in the above-mentioned measuring method about the cerium zirconium 
composite metal oxide of Example 1 and the comparative example 1, and Ce0 2 powder 

and Zr0 2 powder is shown. 

[0033]lt turns out that there is a difference clear to the isoelectric point of the cerium 
zirconium composite metal oxide of an example and a comparative example from these 
results, an example shows the isoelectric point near Zr0 2 powder, and the isoelectric point 

near Ce0 2 powder is shown according to a comparative example. However, in Examples 1- 

3, the comparative examples 1 and 3 and Example 4, and the comparative example 2. 
Since the presentation of a cerium zirconium composite metal oxide is equivalent, these 
differences, It is judged as the thing originating in a Ce0 2 and Zr0 2 s existence gestalt, and 

in an example, since Zr0 2 exists in the surroundings of it by using CeO Q as a core as 



2 



shown in drawing 1 , it is thought that the isoelectric point near Zr0 2 powder is shown. 
[0034]- Each catalyst for exhaust gas purification of the catalyst performance evaluation- 
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examples 1-4 and the comparative examples 1-3 was compressed and cracked, and 
catalyst performance was evaluated about 2.0g each made into a pellet about 2 mm in 
diameter. In order to grasp the durable improvement effect, catalyst performance was 
evaluated after presenting durable processing of 1000 **x 3 hours with each catalyst for 
exhaust gas purification. 

[0035]The evaluation condition measured the purifying rate of each ingredient of C 3 H 6 

(HC), NO, and CO, the rich gas/lean gas of the presentation shown in Table 1 considering it 
as the conditions which change for every minute, and carrying out temperature up of the 
degree of catalyst floor temperature to 400 ** the speed for 10 *7so that the difference in 
OSC ability may appear in a result. Catalyst performance made the index temperature by 
which these ingredients are purified 50%. This result is summarized in Table 2 and shown. 
[0036] 

[Effect of the lnvention]The endurance under an elevated temperature is improved and the 
cerium zirconium multiple oxide which has the stable OSC ability can be provided. 
[0037] 
[Table 1] 
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[0038] 
[Table 2] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a model figure of the cerium zirconium composite metal oxide of this 
invention. 

[Drawing 2] lt is a graph which shows the relation between pH in measurement of an 
isoelectric point, and F-potential. 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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*). Ce0 2 £&£U *<D&(Dm*) ICZ r 0,W&&-? 

ZC 'J 9 A-5/;unr.^Alg^#RK 

{t^. 20 
[183315] B5I2C eO ! ©^#5~2 0 nm©iS& 
£WT SIS*® 4 Kia«©fe U ^ A-S^lo - •> Ajg£ 

[1833f 6 ] f9;RJ® 1 ~ 5 <Di,>-rftfr 1 JI«:iai£©fe 

y -5 a-^3 - ■? Att^&imMbncc *#ji^jHj#s 

sat* • ^fiS-r s c i £ -r i> m*m 1 xu 4 tctetg 

©•fe y -5 A-^;U3-^Aa^MKfb^©^tiS^ffio 30 
[S?8©i«ffl&t&HJ] 

[0 00 1 ] 

^•■^Ali^^l^b^icMb, £9*>W. rtj&S«H©gf 

-fe y ^A-yjUax^; A«^#i|^ft^CB8-r-S 0 
[0 00 2] 

[g£*©&ffi] a«j^i>i?>^©rtj^«ra*>60ftH 
ceo). ^bk^(HO^*5^sns*i. ctihomm 40 

^•shtcMjsb. —natc. e#(Ptx /^y^Acp 

d). o^-?A(Rh)l?©S#Jl©fi4^^5rT-r^5 
^©^b^©S(*4CtHJ$ <T,6. 
[0 00 3] C ^O/cHTcSj^tCfet^rCOtHC©^ 
{b. SO*NO x ©M7c*s^fl«j«:jitf-r-5ita*{cB. ft 

b> *«®^©B$rajin^«:j:->rgfSv*'x^*5*sig 50 
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[0 00 4] CC-C, fey ■^A-^l/n-'jAa^^b 
«JB. ^£*l£C eH^as3ffi£4ffi©ffi$^b££D 

4Ci*it?5. ^cr, o,£Jtf&fl£K$tf&fb14 

^HSVCB. C eM^-*S3ffi^6 4ffitCffiS[g:{b^D 
T®3pS£©iRU C O £ H C ^itg&ft^ < ^tfSTcttl? 
B^VTB, C eJ^*Mffia>6 3fflik:ffitfc^{b ; S:£i;-r 

ses^wrstt^/c. ifiR^coso^st 

•SC £#-C#&,, l/fciHot, fey-i;A-^;U3-^A 

ffii^{b^£gMn#x#<bffl^*K:^8?>££. 

<D&mt,ci6vznmtixmm(o^.M&Mm2ti, ±ia© 

[0005] enccjn^r. fey ^a-^u^-^as 
^{bfj©K^fRiR«:#or. 9 ©?£&#£ D-Sfc 

M$^©&§teB^£if^£C£#r*£. C©fc#. 

fe ^A-^unr-^Aft^^b^B. gESW^SWbffl 
l*«©fi!)S4ii£ ixT^snrt^c *^€>feyi7A- 
i;jU3--i7Aa^^b^©^f^<tLTB. WHI¥i 

0- 1 94 74 2^fg. ^^F6 - 2 7 9 0 2 7-^<2r 
[0 00 6] 

[^^^L/^^iT-SSM] L*>*K. C^bfcfe 
'J 1 ? A-^I/3-^AjS^Kft^B. — fiSfc, ftlOO 

o 'cvuKDmuicmmmm snsi, o s c #b©®t^ 
ufcoscte^wr-sfey^A -i?^ n .=. Ag^^b 

[000 7] 

mmzigifr-? ztc#><D^m ±u<Dmmz. fey? a 
-y^n^^Aig^ji^b^f^or. mzmn&m 

M^O^m^lWc^MmK. . CeiZr ©^ft*JU 
< £ t 8 5 %f* 0 . C e/Z r ©*;UJtA* 1 
/9~9/l-C*»). ^OHiif bia©^s.«s 
*S3 .5^±@SC£*1#§![<t-r.5-fey^A-^;U3^^ 

[0008] BP^. $IBiB, ^©fflJ&SrWf £fe 'J 

-? a _y & Am-&&mmitwiT- *,t, £ *> t> 

If, 3.5?:±|pl^S.^Wr-SC£?r4#9i£-r-5fe 

y V A-y - ^ A«£#HKf bigjr * 

[0009] c© r^«*j «, ij -*©^cd^ 

aS-r^ftteiJOT. CeO,©?H*H2.4t* 
0. ZrO,©^S*B4.0T*S„ IP^. ^HJCDfe 
yj»A-^3i->AtB^feK»fc«lH:. CeO.iZr 
0,©)!X*?r^!i:*i6. Z r O, fcifil,^m* i £Wr-5> 

[0010] *>*»4^f«^£ It, *|%Hj©-fe y ^ a- 



3 

f&&mm<D'&3k&ffi<D -fe y a -sp ji/ 3 ^ ^ Aa^^si 

SA-S^nj^ AlR£&lRKf bfttc P t £ffl£5FLTft 

[0 0 1 1 ] Ctl6©C4*>6, *^l§(D-b y »>A-5P 

JHU^iiltZrO,, rtWSiltCeO^^tc 
SHl©J:5att»*Sl/. C9tsfcttftB» ZrO, 

<t#te££fb3ft£fc<D£^*e>*-i£o IP%, 

JfflWkSrtot, W£tt^JRB4btt4i<D£&JR< : eji' 

»**|(C, CeiZr(Z)M^W^<ifc85 
%"C*D, CeO^fiU, *OM©S0(CZrO 2 *s 

M*r^CitCj:D, Wi»14<DKl>Z r O a *Hsy*A-y 

K<fc-?T, rtfflflCDCe0 2 , &tf/xBrtW£^j©» 

WM*£(DC e0 2 -Z r 0,#IIBSWfc$SLTO S CfB 
[0013] 

A*^jmMb«rc*or % gfTE«£&iRBMb«9Ef'<z>:£ 

il^iHitffiWc, CeiZr 4>£tt*Jl'ft*S4>& < 
ifc85%t*«3, C e/Z r ©-til/it** 1/9 — 9/ 
*>oWEtt^«Mfb«IO«*^*s 3 . 5 £ 

JB5CttS«iU J:0»*l/<«. SufECe/Z 
r<D*;Ht*«3/7^7/3r*D t «TIB^«^^3 . 

J I S«*SR 1 6 3 8 6CSf^tKSUMUR8HRS(D 1 o 

[0014] £/c v r-fey^A-^n^^AlS^^M 
SMb«JJ <tB, d>&< itCeiZ r 3 fcfcgfl 

r^jsj ^ciOT§jiWt*s. c<e>3 6 

JR. P-^P^il, f -:7a ?*£jR^6|£j6HteS 
IRTSCi^tf, fl&ffJKB, (Na) % 

*V^A (K) , v^*>>£A (Mgr) . XAsisVA 
(Ca) , ;ty>A (Ba) , XhP>f-)A (S 
r) , 7>*> (La) v -f* h y^A (Y) . -feytf 
A (Ce) . zf^mri/^U (Pr) . **S?A (N 
d) , ifvU^A (Sm) % a-JPt^A (Eu) , # 
Ky-^A (Gd), f ^> (T i ) , S (Sn) , V 



(3) 0 0 3 -2 7 7 0 6 0 

4 

;U:3;^A (Z r> % v>#> (Mn) ^(Fe), 

(Co) , ^7^KNi) 4 ^UA (C 
r ) . (Nb).a(Cu), /tt^A 

(V) , ^y^f> (Mo) , ^>^Xf> (W) , S 
IS (Zn) % T^S^A (A 1 ) % (Si)S 
CXiO*^ (Ta) ^rft-SCiAS'Cti,, 

[ o o i 5 } »* l < ±e<ds fcccwjtt r^eu 

B, La, Y> Ce. Pr, Nd, Sm, Eu, Gdf 
©*±3B*JR©^«c < i *> 1 fll-C* 0 , -fey^A-^b 

10 3 ^ ^ a t^iif fcft^^MI^^S^ffi^c , l 

g^JWDi©^ &<D/g«3<DZ r 0 1 *s«p(C££{b3ti& 
[0016] ^4-fey ^A-^;W3^«5Affl^JRM 

SRtt^a-T^K acx»*L<BS6tc80ac 

HJ ©^^b^^*XB*/;U«:»r5eoSll^riE^UT 

20 CitfWi. 

[0017] ccr, rtyr^j , r^n-r:/ 

;bj *o rvObj KfttiDtttcB^cfic^flkl/ftiMfb 
:&XB*WB5£>:3P>f FTAot, «JifcLT-fey7\ 5* 
^3^r*©^JRKfb«*^^4»K**ttO, Aft 
ffijCCB, "fe y £ AX B >^ n ~ 0 A^CD TJbzi^rzs F\ 

^•?A{b^BJS«J (CB, **^«S^3--)AZr 
O(N0 3 ) 2 • 2H 2 0. fifb^3^»)AZ rC 1 4 ^CD 

30 

[0018] jRAB. 6 00-900 'C<Dj*M 

tci/r^enfc-ky ^ a-^^^ ^ ^ At^utt 

b, ft i o o o TOSStci? nr o s ctg^wstc 
40 w^tft^-rSo 

[0019] 

1 9 3 . 3 3 gCD-fe y T^I/CC e0 2 <bU15 gfi 
%. ^it^m. ~- K5;UU- 1 5)K, 100g(D 
-<*>S[»*«:4 1.16 gO+ti/HB^a-^A 
i6.48 g<£>BSK-< » h y •>A**J»3#fc*«*» 

C©»«jR*l 2 0'Cx2 4«BCD»tC«l/t**I 
*S«fc«, 7 0 0°Cx5B$ra(D^tC«0, TIE<D« 
50 (K«t) : 
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CeO./Z r0 2 /Y 2 0 3 = 5 8/3 8/4 

[0 02 0] C<D«^BMb«J©5 0 g£3 0 0 

«K4.4JWK)«rl 1 .3 6ffflI*T2IWH»»ly 
/c e ^Ir^-C. C0^7'J-tl 2 0°CX2 4B$P^<Djjn^ 
fctftLT^^J^if/cfg, 500 e Cx2BJri©M^ 

«u y ^A^j^^^AMa^sfti 

«c i mm%<dp t tffljtute^Rwosffii^xwfcffljtt 

SS£f#/c 0 
[0 02 1 ] 

1 9 3 .3 3 gCDJLlEOD-fe yTvOUC, 5 0g<ZW:*> 
£&*fc:6 .4 8 ? h U •>A**J»3-&fc* 

?g<t, ^l/3^77;KZ r O, c It 2 0I1% 4 Jfl— 
#7clR{t^n^*{, 2/;l/3-7HA)49 5g*JDLt 

«fr6*£ags3#fcf& 7oo o cx5B#racD^iiS;^« 

U TfB<D»fi£(®ai:b) : CeO,/Z r0 1 /Y z O J = 
5 8/3 8/4©#2fe3B<D-fey ^A-^3i«)Ai^ 

-ha^7>5 >fi£§5#*m>TC©«^K{b»*c l 

f#/c 0 
[0 02 3] mMffl 3 

1 9 3 .3 3s©JJa©fcUTvOWC fc 5 0 
3cft*fc:6 .4 8 gCD5SK^ 9 h y 

^3i77JKZ r d i Ut 1 2 .511%, 
»— «5c*<fc*lSH, ^3^7AC7)415 4.5g 

[0024]*l^ HifeMl £Rj£&C0T v CCD®,® 
**»fc**3!^S#fcfk 7 0 0°Cx5B#p^<^/&k:et 

CeOyZ r 0 2 /Y 2 0, = 5 8/3 8/4 
<D*IWi©-fe y * A-S^U n - A ft£&IRtt{btt&& 
/c D tmWUcLX* V>- Fn^7>5 

>&&fH*«rJBi>T c ooffi^&fM&fc: l f?s%e>p t % 

^b/BI^*»fc. 

[0 02 5 ] ISS6W4 

1 9 3 .3 3 gCDilBCD-fe y 7vOWt\ 300g(D^t 
>3cft*Mc3 4 .6 6g<D^>ffil^3^A, 3. 
9 9 g©iS7>^>, Rtf8 .9 4 firOfRK^-b^ 

[0 02 6 ] #1>-C\ XtkMl £H8fcL,-C % Mtt* 
6**!»6S*fc«> 7 0 0^x5B»n®ttaicttU 
TISCD^cHfiit) : 

C e 0 2 /Z r 0 2 /La 2 0,/P r 6 O n = 58/32 
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/3/7 

/Co #1>T\ ^iWl iimStCLr, ^hP^y^ 

[0027] jtten i 

5 0 0 s (D ^ 7 3 .1 6 5 sCMBK-fey^ 

A, 4 1.16 gCD^+^m^^JUrJ^^A, &tf 6 .4 

8 gom^r » h y A*^3#/c^g*^L/c e 

**iTlt, pH*tt9Cc«fflU *ftKJ;Ottlg^ 
Sr^CStt/Co 

W**t?»iK*&**3R«S#tea, 7 0 0°Cx58$p H 1 
O&J&K L/ % TIECOffliS CSSlt ) : 
Ce0 2 /Z r 0 2 /Y 2 0 3 = 5 8/3 8/4 

©tb^oHr y ^a-^!/3^^ i*m&&mmit®&m 
/Co #i>t\ njsffii iH«tcbr, y^hp^7>$ 
>Q^#*mi<>x com&miVfaic imm%<DP t * 
20 sj*u tmmmmxzmmmtzmc. 

[0 02 9] OMW2 

5 0 0 fir <D >f * >3tgd*CC 7 3 . 1 7 fif<DfiiK-fe y 
A, 3 4 .6 6 fifO^VBIK^I/a-^A, 3.9 9 g 
©SIBt^ > * > * RO*8.9 4gQ5BK^"5*fe^^^A 
*»J!|IS-l*fc***BI«Lfc. Jt«Wl 

zMM£i*tc&. i o o'cxbrnrscom^^mL, tie 

C e 0 2 /Z r 0 2 /L a 2 0 3 /P r 6 O ai =58/32 
30 /3/7 

(DttMVkD-k y ^A-^;l/=3^^Affi^«^b!&€rt# 
/Co ISJSm tEJfiKCLT. ^hD^7>^ 

>a^Stf**ffl^r ccDffi^Kfb^tc iet%©P t £ 

fflJSU Jt««c«»a^»fbffllWK*»*:. 
[0030] J±$j^3 

5 0 0 g<D^:t>£&*fc:2 9 g<D^b*fe y «5 A»5fc* 
#tfc3t!\ 2 00 g(D^:*>3c&*fc:4 1 .1 

6 gCO^ + 5>5g^;l/a^«i;A<!: 6 .4 8 *<JMBB!-Y v 

/Co 

[0 0 3 1 ] **3B»S*te«, 7 0 0-CX5 

I^BOjKWtCCfltL. Ti»OfflJiR(K*Jt) : 
C e0 2 /Z r 0 2 /Y 2 0 3 = 5 8/3 8/4 
©Jt«W©-fe 'J ^ A-^3r.«Jr Affi^^lKfb^^f* 
/Co ^Ct^-C, itlfiWIl ilHlfiltCLT, ^hD^7>^ 

so s^fl, Jt«W^»^iWbffl««l*»fc. 



C5) 



[0 03 2] -wm&<Dm&- * 
mrnm i^4t hmw i - 3 ost y ^ a -^u 3 

Aa^BJWtfttCOUr, J I SM&R 1 6 3 

^U3^->Aa^feKK{b» % a^CeO,»*iZr 

#> & fctf> 6C ®JS S *i ft p H 4 -fe' - * « {£<D H fig * ttc *T . 
[0 03 3 ] C*i 6* HSS094Jt^9CD42 y 10 

•5 a n q jLm&mmtmaww&tcm *> 

4 L*Stc. 3S*m^3 4J*«Wl»O f 
3, HtkM4 4JttlM2 v C» 1 -fey^A-^;U3^^A 

tt % CeO,4Z r0 8 ©#aE?B««:S*'rSfe©4*9K 

LT-€*<D^0«:ZrO 2 *5ffarrSfcfeK:. ZrOj* 
Ccffll^«*4^^ 4>©4**.6*i£. *20 
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[0 0 3 4] -«S«ttMMB- 

1 -AttmW 1 - 3<D«ttM#X»{kffllHI« 

£ie!IT5/ctf>, *»»//^}*{fcfflftttl* lOOOtx 

[oo35] mmzkmz. o s ct&o&m&temtcmti 

<D^ST'4 00 e Cir^fi$^^C 3 H 6 (HC), N 
n6<D/&»#5 0%^tSnSi&g*J§«4L/c o C<D 
[0 03 6 ] 

[»W©«*3 J*»T-C©WXtt36seka3*i, ^L/c 

&ftr«C44S'C«S. 
[0037] 

[*1 ] 
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/t^>X 
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■J — >#x 
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2200 


a 8i 


2500 
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[*23 



(6) ^182 00 3-2 77 06 0 

9 10 







ItSJt 


HG 


NO 


CO 


««£ 




Ce-Zr-Y-0 


58/38/4 


234 


266 


180 


4.2 


StJSHW 2 


Ce-Zr-Y-0 


58/38/4 


253 


286 


221 


3.9 




Ce-Zr-Y-O 


58/38/4 


263 


301 


216 


4. 1 




Ce-Zr-La-Pr-0 


58/32/3/7 


245 


270 


201 


4.0 




Ce-Zr-Y-0 


58/38/4 


280 


308 


242 


2.5 


ttfc«2 


Ca-Zr-La-Pr-0 


58/32/3/7 


269 


303 


253 


2.2 




Ce-Zr-Y-0 


5B/38/4 


302 


366 


299 


3.3 



[an 

SB 1 




io* [02] mn&<DMmicte » & P h t * ^ft <dh£& 

[12] 

H2 pH£-fe?-5>Stta>B§0i 




-60' 
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F £ — A (#^) 4D048 M06 AA13 AA18 AB05 BA08X 

BA18X BA19X BA30X BA31Y 
BA33Y BA42X EA04 
4G048 AA03 AB02 AB06 AC08 AD04 
AE05 

4G069 AA03 AA08 BA05A BA05B 

BB064 BC38A BC40A BC40B 
BC42A BC42B BC43A BC43B 
BC44A BC44B CA03 CA09 
EC27 FA01 FB06 FB30 FB57 
FC08 



